Dysfunction of the beta- and alpha-adrenergic systems in a model of congestive heart failure. The pacing-overdrive dog.
The functional integrity of the beta- and alpha-adrenergic stimulatory pathways in a rapid ventricular pacing model of congestive heart failure in dogs was investigated; normal dogs served as controls. Total beta-adrenergic receptor density was 35% lower (p less than 0.01) in the pacing-overdrive dogs, and the beta-adrenergic receptor-mediated stimulation of adenylate cyclase (Vmax) was found to be 68% and 72% lower (p less than 0.01) in the left and right ventricles of the paced dogs. In addition, the basal adenylate cyclase activity was found to be 56% and 68% lower (p less than 0.01) in the left and right ventricles of the failing heart. Similarly, the Vmax of 5'-guanylylimidodiphosphate (GppNHp) and forskolin stimulation of adenylate cyclase activity was significantly lower, 70% and 55%, respectively (p less than 0.01), in both ventricles of the paced dogs. However, although the concentration yielding half-maximal velocity for beta-agonist and GppNHp stimulation of adenylate cyclase was similar in both groups, that for forskolin stimulation of the enzyme was significantly increased (p less than 0.01). Pertussis toxin-mediated ADP-ribosylation of membranes from control and failing hearts revealed a significant decrease in the inhibitory guanine nucleotide binding protein content (48 +/- 9%, p less than 0.01) in the hearts of the paced dogs. Moreover, although the pertussis toxin treatment increased the basal and the forskolin-stimulated adenylate cyclase activity in both normal and failing heart membranes, the adenylate cyclase activity remained significantly depressed in the failing heart after pertussis toxin treatment (p less than 0.01). Consistent with the depressed adenylate cyclase activity, mechanical studies on isolated papillary muscles and trabeculae revealed a decrease in baseline total tension (from 7.0 +/- 0.7 to 3.8 +/- 0.4 g/mm2, p less than 0.01) and dT/dt (from 26 +/- 8 to 13 +/- 1 g/mm2/sec, p less than 0.01) in the pacing-overdrive model. Tension generation and dT/dt observed in the paced dogs in response to increasing concentrations of forskolin demonstrated a rightward shift in the dose-response curve and a decrease in maximal forskolin stimulation (p less than 0.01). Similarly, maximal tension and dT/dt in the presence of isoproterenol was significantly lower than in the normal dogs (p less than 0.01). The decrease in beta-adrenergic responsiveness was accompanied by a decrease and rightward shift in alpha 1-adrenergic responsiveness (increase in tension was 1.1 +/- 0.1 g/mm2 in paced dogs versus 2.1 +/- 0.1 g/mm2 in controls, p less than 0.01).(ABSTRACT TRUNCATED AT 400 WORDS)